INTRODUCTION
Determining the appropriate precision necessary for capturing and reporting data is an important first step in analyzing data from any experiment. Rodent organ weights can be measured and reported to a level of accuracy (e.g., nearest 0.1 mg) determined by the precision of the balance used. However, there are many other potential sources of variation, including animal to animal variation, trimming of individual organs, and local environmental conditions that would affect hydration. Hence, reporting organ weight data .to the precision of the balance may not be reflective of the true precision inherent in the data. Reporting these data to too many significant figures may not have interpretive utility. Conversely, reporting too few significant figures may prevent making appropriate scientific inferences.
To determine the appropriate precision for reporting organ weights, historical data for control Fischer 344 rats and CD-1 mice were analyzed to determine the inherent variability.
-METHODS Terminal body weights and organ weights from control Fischer 344 rats and CD-1 mice from toxicology studies were included in the analysis. Males and females were analyzed separately. Combined weights were reported for paired organs. Study types were de-*Address correspondence to: Dr. Gerald G. Long, Lilly Research Laboratories. Greenfield, Indiana 46140. fined by length of the study for each species. Study ' lengths for rats were <4 wk, 4-28 wk, 52 wk, and 104 wk. Study lengths for mice were 2-3 wk, 6-18 wk, and 64-102 wk. An estimate of the standard deviation for terminal body weight and organ weights within study type and sex was calculated by pooling within-study variation across studies. In other words, study-to-study variability was removed from the total variation. An empirical rule (l), based on the standard deviation, was used to determine the appropriate precision. In general, the rule recommends that the larger the standard de- viation, the less precision is required. Specifically, the rule states that significant digits should be retained up to the places indicated by the first figure of one half the probable error. Probable error, a term-rarely used today, is equal to two thirds the standard deviation.
Kelley's rule in terms of the standard deviation states: keep to the place indicated by the first figure of one third the standard deviation. The examples given by
Kelley were applied to precision in reporting a sample mean, a standard deviation, and a correlation coefficient. For example, to determine the precision needed in reporting a sample mean, Kelley's rule would be applied to the standard deviation of the mean (i.e., the standard error). The current application involves precision for individual animal results. Therefore, Kelley's rule was applied to the standard deviation of the data for individual animals.
RESULTS AND DISCUSSION The mean, standard deviation, coefficient of variation (CV), and precision for terminal body weight and weights of brain, heart, kidney, liver, spleen, testes, ovaries, and uterus for rats and mice and weights of thyroid, pituitary, and prostate of rats are shown in Tables I-XII, respectively. The precision values shown are for the weights of organs from individual animals. In general, the CV of body and organ weight was greater for oncogenic studies (studies >52 wk) than for studies lasting 1 5 2 wk. An exception to this was brain weight, for which CVs were relatively small ( 5 4 % for rats; 56.6% for mice) and changed little with increased duration. The increased CV in studies >52 wk varied from only slightly increased for heart weights to markedly increased (i.e., CV > 100%) for weights of spleen in rats and ovaries in mice. (For example, variation in weights in more recent studies has been as great as -614-19,321 mg for spleen weights in male rats and 12-1,420 mg for ovarian weights in mice.) Increased variability in organ weights was extreme enough that, in many cases, the precision rule indicated a decrease in precision required. For an extreme example, the calculation indicated that spleen weight for rats should be collected to the nearest 1 mg in studies <4 wk, to the nearest 10 mg in studies 4-28 wk, and to the nearest 100 mg for studies 104 wk. The relative lack of increased variability in brain weights was reflected by no change in precision values with time for rat brains (nearest 0.01 g for all studies).
In general, calculated precision for small organs (i.e., thyroid and pituitary in rats) was to the nearest 0.1 mg for short-term studies. Limited data for adrenal gland (data not shown) also suggested precision to the nearest 0.1 mg. Weighing these small organs to this level of precision may require additional effort to control factors such as moisture flux during the weighing process and stability of the balance. In contrast, determining the weights of other organs to the nearest 1 mg might not necessitate the same degree of control.
A practical approach to assigning appropriate precision for collecting and reporting the weight of a particular organ is to use the smallest precision value for that organ for all study types with a-particular species. Because the standard deviation of the mean is smaller than the standard deviation of the individual data by a factor of l / m , mean weights are generally reported with more precision. Given the typical sample sizes of most toxicology studies, the mean weights are reported to 1 additional level of precision. For example, a precision value of the nearest 1 mg would be used for kidney weight of mice of all studies and mean kidney weight would be reported to the nearest 0.1 mg. This approach is reasonable when precision values are within 10 times over the range of studies. However, reporting mean spleen weights from rats on oncogenic studies to the nearest 1 mg suggests an accuracy that is not present in the data and raises issues about the validity of interpretation of organ weights of rodents in o-ncogenic studies. The increased variance in organ weights in rodents in oncogenic studies is due to the occurrence of spontaneous degenerative, inflammatory, and neoplastic processes that affect few or many animals in a group. These spontaneous conditions may affect organ weights by direct and/or indirect means and confound interpretation of any potential changes in organ weights. Brain weights are a notable exception to the increased variability with age; negligible variance in brain weight is seen in short-and long-term' studies. This low variability reflects the relative lack of effect of spontaneous conditions on brain weight and the use of brain as a comparator for calculation of relative organ weights.
CONCLUSION
Organ weights should be reported to a level of precision that appropriately reflects the accuracy inherent in the data. The variability in organ weights of rodents in studies of >52 wk duration indicates that there is little scientific rationale for collecting organ weights in these studies.
